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ods for these chemicals, but this may change as biotechnology advances
and the cost of fossil fuels rises.

Fermentation Technologies

All the products mentioned in the previous section are made by what
is known as a fermentation process. In this process, living cells or
enzymes are combined with nutrients and/or the substance to be
chemically transformed in some sort of reactor vessel. The nutrients
may consist of sugars, starches, vegetable oil, or even petroleum
fractions, and cells may also need additional nitrogen, phosphorus,
oxygen, vitamins, metals, or other compounds to grow. Once the
desired conversion has taken place, the products of the reaction are
removed from the vessel, and the specific compound desired is sepa-
rated from wastes and by-products and purified for use.

The kind of fermentation technology that now dominates the phar-
maceuticals and specialty chemicals industries is batch processing, in
which the necessary ingredients are combined in a bioreactor, the
conversion takes place, the vessel is emptied, and the entire process
begins again. However, continuous processing, in which nutrients and
feedstocks enter a bioreactor and spent medium and products leave it
on a continuous basis, offers significant advantages for many fermen-
tation products. Continuous processing can have higher productivities
and lower costs, because the cells or enzymes are continuously reused
and the product is often easier to separate from the outflow. It
generally requires, however, that the cells or enzymes be immobilized
within the reactor so that they are not swept out with the product. A
number of methods have been devised to do this, including bonding the
cells or enzymes to a solid support, trapping them in a polymer matrix,
or encapsulating them within semipermeable membranous spheres.

The scaling-up to industrial levels of fermentation processes using
genetically engineered cells involves a number of difficulties. Main-
taining a homogenous mixture of nutrients and dissipating the large
quantities of heat generated during fermentation are much more
difficult in a full-scale industrial bioreactor than in a small benchtop
flask. Also, the bioreactor and incoming nutrients usually have to be
thoroughly sterilized, since contaminants can destroy the cells or
enzymes or introduce impurities into the final product. This require-
ment complicates the monitoring of the ongoing reaction, since sensors
of many useful measures are disabled by steam sterilization (by the
same token, biotechnology may be used to produce sensors that
overcome this limitation). Genetically engineered cells can also mutate